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© Method of and apparatus for electropolishing and grinding. 



© A method of electropolishing and grinding the 
both surfaces of a circular workpiece comprises 
polishing and grinding the both surfaces of a circular 
workpiece with a pair of grindingstones which are so 
arranged as to oppose the polishing/grinding sur- 
faces, the body material of the polishing/grinding 
surface of the grindingstones being composed of an 
^ electric conductive material wherein the grinding- 
^ stones are connected to the positive pole of a power 
source and an electrode located in the vicinity of the 
[pj grindingstones is connected to the negative pole, 
(*) and a voltage is applied across the positive and 
negative poles, whereby a dressing operation to the 
polishing/grinding surfaces is conducted by the eiec- 
^ trolysis of the pair of grindingstones during the 
q polishing and grinding operation. 
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METHOD OF AND APPARATUS FOR ELECTROPOLISHING AND GRINDING 



The present invention relates to a method of 
and an apparatus for electropolishing and grinding 
wherein a plate-like material is polished and ground 
with a grindingstone having a polishing/grinding 
surface which includes a body material formed of 
an electric conductive material and the 
polishing/grinding surface of the grindingstone is 
electrochemically dressed during a polishing and 
grinding operation. 

Heretofore, the polishing of a circular disk of 
glass or the like used for a magnetic disk or an 
optical magnetic disk has been carried out in a way 
as shown in Figure 5. Namely, a circular disk 14 as 
a workpiece to be processed is put between a 
table 10 and a grinding plate 12 and the circular 
disk is polished by rotating the grinding plate 12 
under the condition that a predetermined pressure 
is applied thereto while slurry 16 including abrasive 
grain is supplied between the circular disk 14 and 
the grinding plate 12. 

The conventional polishing method is poor in 
productivity since only one side surface 14A of the 
circular disk 14 is polished. Accordingly, a polish- 
ing apparatus wherein both surfaces of the circular 
disk 14 are simultaneously polished is proposed in 
order to improve production efficiency. The polish- 
ing apparatus comprises a ring gear wheel 20, 
carriers 22 and a sun gear wheel 24 as shown in 
Figures 6 and 7, and each circular disk 14 is put in 
a circular opening 22B formed in each of the 
carriers 22. Since the circular disks 14 are formed 
to have a larger thickness than the thickness 12 of 
the carriers 22 as shown in Figure 7, the both 
surfaces of the circular plates 14 project- from the 
both surfaces of the carriers 22. Under the con- 
ditions, the circular plates 14, 14 ... are clamped 
between a lower grinding plate 28 and an upper 
grinding plate 30 and the grinding plates 28, 30 are 
rotated. At the same time, the ring gear wheel or 
the sun gear wheel 24 is rotated. Then, the carriers 
22 are rotated in the directions of arrow marks A 
and are revolved in the directions of arrow marks B 
as shown in Figure 6. During the above-mentioned 
operations, the slurry containing abrasive grain is 
supplied onto the surface of the circular plate 14 to 
be processed, whereby the both surfaces of the 
circular plates 14, 14 ... are polished with the 
abrasive grain. 

However, for the purpose of obtaining mirror 
surfaces having high transparency, the above-men- 
tioned method wherein the circular plates are pol- 
ished with the abrasive grain supplied from the 
outside (i.e. the polishing method with use of free 
abrasive gran) is inefficient. 

On the other hand, there has been proposed a 



method of obtaining a finely finished surface having 
high transparency without using free abrasive grain 
(in a paper in The autumn session of the precision 
engineering academy held in 1988). According to 

5 the paper, the body material of the grinding surface 
of a grindingstone is formed of an electric conduc- 
tive material and the grinding surface of the grin- 
dingstone is electrochemically dressed during the 
grinding of a plate-like material, whereby a danger 

w of the clogging of the grindingstone can be elimi- 
nated and a flat, mirror-like finished surface is 
easily obtainable with high efficiency and high pre- 
cision as well as high transparency. 

According to the above-mentioned method, a 

is circular plate 38 placed on a table 36 is ground by 
a grindingstone 42 attached onto a rotating plate 40 
as shown in Figure 8. For the grinding surface of 
the grindingstone 42, cast iron is used as a body 
material. Abrasive grain of diamond 42A, 42A ... are 

20 embedded in the body material of the grinding- 
stone 42. The positive pole of a power source 44 is 
connected to the grindingstone 42 and the negative 
pole of the power source 44 is connected to a 
copper plate 46 which is disposed so as to oppose 

25 the grinding surface of the grindingstone 42. 

In the grinding apparatus having the construc- 
tion described above, when the circular plate 38 is 
ground by the grindingstone 42 and a positive 
voltage having a rectangular waveform (a pulsating 

30 voltage) is applied to the grindingstone 42, the cast 
iron as the body material of the grindingstone 42 is 
dissolved and the dissolved cast iron flows toward 
the copper plate 46, whereby the grinding surface 
of the grindingstone 42 is electrochemically 

35 dressed. Accordingly, there is no danger that 
shaved powder from the circular plate 30 deposits 
on the grinding surface of the grindingstone 42 to 
thereby cause clogging, and any trace of seizure is 
not resulted on the grinding surface of the circular 

40 plate. As a result, the circular plate 38 can be 
easily finished to have a mirror surface having high 
transparency. In the conventional electropolishing 
and grinding apparatus as shown in Figure 8, how- 
ever, there is a problem of low production effi- 

45 ciency because only a single surface of the circular 
plate 38 is ground. 

It is an object of the present invention to pro- 
vide a method of and apparatus for electropolishing 
and grinding which can produce easily a plate-like 

so material having precisely finished surfaces to there- 
by improve productivity. 

In accordance with the present invention, there 
is provided a method of electropolishing and grind- 
ing the both surfaces of a circular workpiece which 
comprises polishing and grinding the both surfaces 
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of a circular workpiece with a pair of grindingstones 
which are so arranged as to oppose the 
polishing/grinding surfaces, the body material of 
the polishing/grinding surface of the grindingstones 
being composed of an electric conductive material 
wherein the grindingstones are connected to the 
positive pole of a power source and an electrode 
located in the vicinity of the grindingstones is con- 
nected to the negative pole, and a voltage is ap- 
plied across the positive and negative poles, 
whereby a dressing operation to the 
polishing/grinding surfaces is conducted by the 
electrolysis between the grindingstones the elec- 
trodes during the polishing and grinding operation. 

In accordance with the present invention, the 
both surfaces of a plate-like material are held from 
the both sides by the pair of grindingstones each 
being composed of an electric conductive material 
as a body material, and the grindingstones are 
rotated. The grindingstones are connected to a 
positive terminal of a power source and an elec- 
trode disposed near the grindingstone is connected 
to the negative terminal. By applying a voltage 
between the positive and negative terminals, the 
body material of the grindingstones is dissolved so 
that electrolysis dressing operations is carried out 
during polishing and grinding operation. In this 
case, the abrasive grain entirely embedded in the 
body material is successively exposed on the sur- 
face of the grindingstones, whereby new, fine cut- 
ting blade portions project from the 
polishing/grinding surface of the grindingstones. 
Accordingly, there is no danger of the clogging of 
the surfaces due to polished and ground powder. 
Further, productivity is improved because the both m 
surfaces of the plate-like material are simultaneous- 
ly polished and ground. 
In drawings: 

Figure 1 is a front view schematically illustrated 
of an embodiment of the electropolishing and 
grinding apparatus according to the present in- 
vention; 

Rgure 2 is a schematic view showing an impor- 
tant portion of the electropolishing and grinding 
apparatus of the present invention; 
Figure 3 is a cross-sectional view taken along a 
line in Rgure 2; 

Rgure 4 is an enlarged view showing an impor- 
tant portion of the electropolishing and grinding 
apparatus of the present invention; 
Figure 5 is a diagram for explaining a conven- 
tional polishing device; 

Figure 6 is a plane view of a conventional 
polishing device to polish both surfaces of cir- 
cular plates; 

Rgure 7 is an enlarged cross-sectional view 

taken along a line Vl-Vl, in Rgure 6; and 

Figure 8 is a diagram showing a conventional 
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electroplating the grinding apparatus. 
p re f erre d embodiments of a method of and 
apparatus for electropolishing and grinding accord- 
ing to the present invention will be described with 
5 reference to the drawings. 

Rgure 1 schematically shows an embodiment 
of the electropolishing and grinding apparatus of 
the present invention. In Rgure 1, guide rails 72 
are mounted on the upper surface of a frame 70 in 
70 its longitudinal direction, and a sliding unit 74 is 
slidably supported by the guide rails 72 through 
guide members 76, 76. The sliding unit 74 is 
moved along the guide rails by actuating an oil 
cylinder 78. A motor 80 is mounted on the sliding 
75 unit 74 and a shaft 72 is connected to the driving 
shaft of the motor 80. The shaft 82 is supported by 
a superfine air bearing or a fine bearing 84, and a 
rotating plate 86 is attached to an end (the left side 
in Rgure 1) of tine shaft 82 as shown in Rgure 1. 
20 A motor 90 is mounted on a supporter 88 
which is fixed to the frame 70, and a shaft 92 is 
connected to the driving shaft of the motor 90. The 
shaft 92 is supported by a superfine air bearing or 
a fine bearing 94, and a rotating plate 96 is at- 
25 tached to an end (the right side in Figure 1) of the 
shaft 92 as shown in Figure 1 . 

Grindingstones 98, 100 are respectively at- 
tached to the opposing surfaces of the rotating 
plates 86, 96 as shown in Rgure 2. As shown in 
30 Figures 1 and 2, the grindingstones 98, 100 re- 
spectively have grindingstone forming units 98A, 
98A ... and grindingstone forming units 100A, 100A 
.... each made of cast iron wherein the units 98A, 
98A ... and the units 100A, 100A ... are respectively 
35 attached to the rotating plates 86, 96 by filling with 
resin gaps between adjacent grindingstone forming 
units as well as covering with resin the outer cir- 
cumference thereof. The grinding forming units 98, 
100 which constitute the polishing/grinding surface 
40 of the grindingstone is constituted by an electric 
conductive material as a bonding material or a 
body material wherein fine particles of a material 
such as diamond 101 A, 101 A are embedded in 
the body material as shown in Rgure 4. For the 
45 body material, cast iron, cast iron fibers or the like 
is used, for example. In particular, when the cast 
iron fibers are used for the body material, it is 
possible to increase a holding strength for holding 
fine particles of diamond and the strength of the 
so grindingstone itself. Further, flexibility is given to 
the grindingstone be.cause of a fiber matrix struc- 
ture. Further, since the holding strength for holding 
the abrasive grain is extremely increased, grinding 
operation by fine abrasive grain, which could not 
55 be realized in the conventional method, becomes 
possible, whereby polishing and grinding with high 
accuracy and mirror finishing can be realized and 
problems such as wheel friction and seizure during 
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grinding operations can be minimized. For the grin- 
dingstone forming units described above, a circular 
disk-like units, polygonal plate-like units, pellet-like 
units or another units having various types of shape 
can be used. 

As shown in Figures 2 and 3, sectorial copper 
plates 102, 102 are disposed between the grinding- 
stones 98, 100. The reason why the sectorial cop- 
per plates 102 are used is to make the electrode 
density uniform. In other words, if the central area 
and the outer circumferential area of the grinding- 
stone are electrolyzed uniformly, the thickness of 
the grindingstone becomes ununifomn, and uniform 
polishing and grinding can not be achieved. A fine 
space is formed between the copper plates 102, 
102 and the grindingstone 98, and between the 
copper plates 102, 102 and the grindingstone 100. 
An insulating coating is applied to an area of the 
copper plate which is not oppose to the grinding- 
stone, that is, an area where the copper plate 102 
is not used. The negative pole of a power source 
(not shown) is connected to the copper plates 102, 
102. The positive pole of the power source is 
connected to the rotating plates 86, 96 through 
brushes 104, 104 respectively. 

As shown in Figures 2 and 3, the electropolish- 
ing and grinding apparatus of the present invention 
is provided with workpiece holding rollers 106, 106, 
106. The workpiece holding rollers are respectively 
rotatable on their axis and are supported to be 
movable in the directions of arrow marks A-B in 
Figure 3. Accordingly, a circular disk-like glass 
plate 108 can be located at a predetermined posi- 
tion after the workpiece holding rollers 106 have 
been respectively moved in the directions of arrow 
marks A, and then, the workpiece holding rollers 
106 are respectively moved in the directions of 
arrow marks B so that the glass plate 108 can be 
rotatably supported. . 

The function of the electroplating and grinding 
apparatus of the present invention constructed de- 
scribed above will be explained. 

The workpiece holding rollers 106 are respec- 
tively moved in the directions of the arrow marks A 
in Figure 3. A circular glass plate 108 which is not 
yet processed is disposed at a predetermined posi- 
tion. Then, the workpiece holding rollers 106 are 
respectively moved in the directions of the arrow 
marks B in Figure 3 so that the glass plate 108 is 
rotatably supported. The cylinder 78 is actuated to 
move the sliding unit 74 in the direction of the 
arrow mark C in Figure 1, whereby the rotating 
plate 86 is moved in the direction of the arrow 
mark G together with the sliding unit 74, and the 
glass plate 108 is held between the grindingstone 
98 of the rotating plate 86 and the grindingstone 
1 00 of the rotating plate 96. 

The motor 80 and the motor 90 are respec- 



tively driven so that the rotating plate 86 and the 
rotating plate 96 are respectively rotated in the 
directions opposite to each other, whereby the grin- 
dingstone 98 and the grindingstone 100 which hold 

5 the glass plate 108 therebetween are rotated in 
mutually opposite directions. In this case, when the 
rotating speed of the grindingstone 98 is different 
from the rotating speed of the grindingstone 100, 
the glass plate 108 is rotated so that the glass 

io plate 108 is subjected to polishing-grinding by the 
grindingstones 98, 100. When the 
polishing/grinding operation is to be carried out, a 
polishing/grinding solution containing water, e.g. 
slurry containing a polishing/grinding agent or wa- 
rs ter is supplied between the glass plate 108 and the 
grindingstones 98, 100. Such liquid also functions 
as an electrolyte for electrolysis. 

On the other hand, a pulsating voltage having a 
rectangular waveform is applied from the positive 

20 pole side of the electrode to the grindingstones 98, 
100 through the brushes 104, 104, whereby elec- 
trolysis is resulted between the grindingstones 98, 
100, and the copper plates 102 which are in con- 
tact with the electrolyte. Then, the body material . 

25 formed of an electric conductive material such as 
cast iron is dissolved from the grindingstone for- 
ming units 98A, 98A ... which constitute the grindin- 
gstone 98 and the grindingstone forming units 
100A, 100A which constitute the grindingstone 100; 

30 thus, electrolysis-dressing operation is achieved. In 
this case, shaved glass powder deposited on the 
surfaces 101C of the grindingstones 98, 100 flows 
along with dissolved cast iron toward the copper 
plates 102, 102 connected to the negative pole. 

35 m Thus, the glass powder is removed from the grind- 
stone side. However, a certain portion of the cast 
iron is deposited on the copper plates 102, 102. 
The cast iron and the glass powder are removed 
by supplying coolant or the polishing/grinding solu- 

40 tion or water which is fed between the grinding- 
stones 98, 100 from the outside, and they are 
discharged with such liquid. The reason why the 
pulsating voltage is applied is that the cast iron 
and/or glass powder deposited on the copper 

45 plates 102, 102 can be easily removed with the 
liquid such as coolant. Accordingly, in accordance 
with the electropolishing and grinding apparatus of 
the present invention, the polishing/grinding sur- 
faces of the grindingstones 98, 100 can be elec- 

50 trochemically dressed during the polishing and 
grinding operation of the both surfaces of the glass 
plate 108. Therefore, there is little possibility that 
clogging is resulted in the grindingstones 98, 100 
during the polishing and grinding operation of the 

55 glass plate 108. 

In the electropolishing and grinding apparatus 
of the present invention, use of the workpiece hold- 
ing rollers 106 allow the polishing and grinding of 
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the glass plate 108 in a freely rotatable manner. 
Accordingly, the flatness of the glass plate 108 is 
improved. 

In the above-mentioned embodiment, grinding- 
stones having different roughness of 3-5 grades 
may be used. For instance, grindingstones are 
replaced depending on steps of grinding, lapping 
and polishing so that grindingstones are used from 
relatively rough grinding to finely polishing step- 
wisely. Thus, the quality of processing is improved 
and a high speed polishing and grinding operations 
can be obtained. 

In the above-mentioned embodiment, two cop- 
per plates 102 are arranged between the grinding- 
stones 98, 100. However, more than two copper 
plates may be used. Further, the copper plates 2 is 
used for a negative pole. However, a suitable elec- 
tric conductive material other than the copper 
plates may be used. Further, the cast iron is used 
for the body material of the grindingstone. How- 
ever, a suitable body material of an electric con- 
ductive material other than cast iron may be used. 

In the above-mentioned embodiment, a glass 
plate is used for a workpiece to be processed. 
However, the present invention is not limited there- 
to, and the present invention is applicable to fine 
polishing and grinding a hard fragile material such 
as ceramics, silicon or the like or an At plate, a 
metallic plate, a plastic plate or the like. 

Thus, in accordance with the method of and 
and apparatus for eiectropolishing and grinding ac- 
cording to the present invention, both surfaces of a 
plate-like material can be simultaneously polished 
and ground by a pair of grindingstones, and 
shaved powder can be removed from the grinding- 
stones by dissolving the polishing/grinding surface 
of the grindingstones. Accordingly, there are little 
possibility of decreasing of grinding performance 
with a lapse of time due to the clogging of the 
grindingstones and seizure on the grindingstones. 
Further, shaving powder can be removed during 
the polishing and grinding operations. Therefore, 
productivity can be improved, and plate-like materi- 
als having highly accurate finished surfaces can be 
easily obtained. 



Claims 

.1. A method of eiectropolishing and grinding the 
both surfaces of a circular workpiece which com- 
prises polishing and grinding the both surfaces of a 
circular workpiece with a pair of grindingstones 
which are so arranged as to oppose the 
polishing/grinding surfaces, the body material of 
the polishing/grinding surface of the grindingstones 
being composed of an electric conductive material 
wherein the grindingstones are connected to the 



positive pole of a power source and an electrode 
located in the vicinity of the grindingstones is con- 
nected to -the negative pole, and a voltage is ap- 
plied across the positive and negative poles, 
5 whereby a dressing operation to the 
polishing/grinding surfaces is conducted by the 
electrolysis between the grindingstones and the 
electrode during the polishing and grinding opera- 
tion. 

to 2. The method of eiectropolishing and grinding 
according to Claim 1, wherein the polishing and 
grinding operation is simultaneously conducted to 
the both surfaces of the circular workpiece with the 
pair of grindingstones which are so arranged as to 

75 oppose the polishing/grinding surfaces, the body 
material of the polishing/grinding surface of the 
grindingstones being composed of an electric con- 
ductive material wherein the grindingstones are 
connected to the positive pole of a power source 

20 and an electrode located in the vicinity of the 
grindingstones is connected to the negative pole so 
that and a voltage is applied across the positive 
and negative poles, whereby a dressing operation 
to the polishing/grinding surfaces is simultaneously 

25 conducted by the electrolysis between the grindin- 
gstones and the electrode during the polishing and 
grinding operation. 

3. The method of eiectropolishing and grinding 
according to Claim 1, wherein an electrode is dis- 

30 posed between the pair of grindingstones so that 
the pair of grindingstones are used as positive 
poles and the electrode is used as a negative pole, 
and a voltage is applied across the positive and 
negative poles, whereby an dressing operation to 

35 both opposing polishing/grinding surfaces of the 
pair of grindingstones is simultaneously conducted 
by the electrolysis of the polishing/grinding sur- 
faces during the polishing and grinding operation. 

4. The method of eiectropolishing and grinding 
40 according to Claim 1 , wherein a voltage in a pulse 

form is applied across the positive and negative 
poles so that a dressing operation to the 
polishing/grinding surfaces of the grindingstones is 
conducted by the electrolysis of the surfaces dur- 
45 ing the polishing and grinding operation. 

5. An eiectropolishing and grinding apparatus 
which comprises 

a pair of grindingstones to support a workpiece to 
be processed between them and to polish and 
so grind the both surfaces of the workpiece, the body 
material of the polishing?grinding surface of the 
grindingstones being composed of an electric con- 
ductive material, 

an electrode located in the vicinity of the 
55 polishing/grinding surface of each of the grinding- 
stones, 

a holding means to hold the workpiece between the 
pair of the grindingstones, and 
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a power source to apply a voltage between the 
positive pole which is connected to the grinding- 
stones and the negative pole which is connected to 
the electrode, whereby electrolysis-dressing opera- 
tion is conducted to the polishing/grinding surfaces 5 
by the electrolysis of the surfaces which oppose 
the electrode. 

6. The electropolishing and grinding apparatus ac- 
cording to Claim 5, wherein the polishing/grinding 
surface of each of the grindingstones is constituted io 
by a plurality of units in which cast iron is used for 

the body material, and spaces between the adja- 
cent units are filled with resin and abrasive grains. 

7. The electropolishing and grinding apparatus ac- 
cording to Claim 5, wherein an electrode as a ;s 
negative pole is disposed between the pair of grin- 
dingstones and in the vicinity of the 
polishing/grinding surface of the grindingstones. 

8. The electropolishing and grinding apparatus ac- 
cording to Claim 5, wherein the grindingstones 20 
have a circular shape, and the electrode disposed 

as a negative pole between the pair of grinding- 
stones and in the vicinity of the polishing/grinding 
surface of the grindingstones has a sectorial shape. 

9. The electropolishing and grinding apparatus ac- 25 
cording to Claim 5, wherein the pair of grinding- 
stones disposed opposing to each other have a 
circular shape; the workpiece to be processed is 
positioned so that it is polished and ground at one 

side of each of the pair of grindingstones, and an 30 
electrode is arranged as a negative pole at the 
other side of each of the pair of grindingstones so 
that the opposing polishing/grinding surfaces of the 
pair of grindingstones are simultaneously dressed 
by the electrolysis of the polishing/grinding sur- 35 
faces. 

10. The electropolishing and grinding apparatus 
according to Claim 5, wherein the workpiece to be 
processed has a circular disk shape, and a plurality 

of holding rollers are provided to hold the circular- 40 
disk shaped workpiece. 
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